Real Time Identification of Human Forearm Kinematics from Surface EMG Signal Using Artificial Neural Network Models  by Raj, Retheep et al.
 Procedia Technology  25 ( 2016 )  44 – 51 
Available online at www.sciencedirect.com
ScienceDirect
2212-0173 © 2016 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/by-nc-nd/4.0/).











FDSWXUHG XVLQJ $J$J&O HOHFWURGHV 7ZR WLPH GRPDLQ IHDWXUHV ,QWHJUDWHG (0* ,(0* DQG QXPEHU RI ]HUR
FURVVLQJ =& DUH GHULYHG IURP WKH PHDVXUHG 6(0* VLJQDOV DIWHU VHJPHQWLQJ WKH UDZ 6(0* VLJQDO LQWR 
PLOOLVHFRQG ZLQGRZ 7KHVH WZR WLPH GRPDLQ IHDWXUHV DUH XVHG DV WKH LQSXW VLJQDOV IRU LGHQWLI\LQJ WKH KXPDQ
IRUHDUPNLQHPDWLFV+XPDQIRUHDUPNLQHPDWLFVLVGHWHUPLQHGXVLQJWZRQHXUDOQHWZRUNPRGHOV0XOWL/D\HUHG
3HUFHSWURQ1HXUDO1HWZRUN0/311PRGHODQG5DGLDO%DVLV)XQFWLRQ1HXUDO1HWZRUN5%)11PRGHO7KH
UHVXOWVREWDLQHG IURP WKHERWKPRGHOV DUHFRPSDUHG LQ WKLVZRUN7KH UHVXOWV LQGLFDWH WKDW WKH5%)11PRGHO LV
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UHKDELOLWDWLRQ RI VXFK SHRSOH >@ +HUH WKH IHDWXUHV GHULYHG IURP WKH 6(0* VLJQDOV DUH XVHG IRU WKH DXWRPDWLF
FRQWURORIDUWLILFLDO OLPE >@ ,GHQWLILFDWLRQRIKXPDQNLQHPDWLFV IURP6(0*VLJQDOVDQGFRQWURO DUH WKH WZRKRW




HOERZ MRLQW DQJOHXVLQJD WKLUGRUGHUSRO\QRPLDO IXQFWLRQPRGHOXVLQJ URRWPHDQ VTXDUH 506YDOXH IHDWXUHRI
6(0*VLJQDO+HUH WKH\VHJPHQWHG WKH6(0*VLJQDOXVLQJGLVMRLQWZLQGRZ WHFKQLTXHDQGH[WUDFWHG506YDOXH
IURP HDFK VHJPHQWHG ZLQGRZ DQG WKLV H[WUDFWHG 506 YDOXH LV XVHG IRU LGHQWLI\LQJ HOERZ MRLQW DQJOH 7KH\
FRQGXFWHG H[SHULPHQWV RQ H[SHULHQFHG VXEMHFWV DQG REWDLQHG DQ DYHUDJH PHDQ VTXDUH HUURU 06( RI 
EHWZHHQHVWLPDWHGDQJOHDQGDFWXDO DQJOH4LQ=KDQJHWDO >@DOVRPDGHDQDWWHPSW WRHVWLPDWH WKHHOERZ MRLQW
DQJOHXVLQJDOLQHDUVWDWHVSDFHPRGHO+HUHDPXOWLSOHLQSXWVLQJOHRXWSXWVWDWHVSDFHPRGHOLVXVHGIRUHVWLPDWLQJ











NLQHPDWLFV ERWK DQJXODU GLVSODFHPHQW DQG DQJXODU YHORFLW\ LQ UHDO WLPH XVLQJ QHXUDO QHWZRUN PRGHO $OVR D
FRPSDULVRQLVPDGHEHWZHHQWZRGLIIHUHQWQHXUDOQHWZRUNPRGHOVLQWKHLGHQWLILFDWLRQRIIRUHDUPNLQHPDWLFV





2.1. Signal acquisition and signal conditioning 
6(0*VLJQDOLVUHFRUGHGIURPELFHSVEUDFKLLPXVFOHVRIVXEMHFWVGXULQJFRQWLQXRXVIOH[LRQDQGH[WHQVLRQRIWKH




+] DQG XSSHU FXWRII IUHTXHQF\ +] IRU UHPRYLQJ WKH EDVH OLQH VKLIW DQG KLJK IUHTXHQF\ QRLVHV >@ 7KH




6(0* VLJQDOV DUH DFTXLUHG IURP  VXEMHFWV ZLWK DYHUDJH KHLJKW FP DYHUDJH DJH RI  DQG DQ DYHUDJH
ZHLJKWRI.J$SULRUFRQFHUQLVWDNHQIURPDOOWKHVXEMHFWVDQGSURSHUWUDLQLQJLVJLYHQEHIRUHWKHFRQGXFWRIWKH
H[SHULPHQW7KHVXEMHFWVDUHDVNHGWRVWD\LQVWDQGLQJSRVLWLRQDQGDUHLQVWUXFWHGWRSHUIRUPFRQWLQXRXVIOH[LRQDQG
H[WHQVLRQ RI WKH IRUHDUP IRU  QXPEHU RI WLPHV DW VORZ VSHHG DYHUDJH DQJXODU YHORFLW\  GHJUHHVVHF 7KH
H[SHULPHQW LV UHSHDWHG IRU WZR GLIIHUHQW VSHHGV PHGLXP DYHUDJH DQJXODU YHORFLW\  GHJUHHVVHF DQG IDVW
DYHUDJH DQJXODU YHORFLW\ GHJUHHVVHF7KH6(0*VLJQDOV DUH UHFRUGHGXVLQJ$J$J&O HOHFWURGHV IURP WKH
GRPLQDQWKDQGRIWKHVXEMHFWV2QHRIWKHDFWLYHHOHFWURGHVLVSODFHGDWWKHFHQWHURIWKHELFHSVEUDFKLLPXVFOHDQG

























2.2. Data segmentation and feature extraction 
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:KHUH1LVWKHQXPEHURIVDPSOHVRI6(0*VLJQDOVLQRQHZLQGRZDQG[NLVWKH6(0*VLJQDO

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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ݏ݅݃݊ሺݔሻ ൌ ቄͳǡ ݔ ൐ ͲͲǡ ݔ ൏ Ͳ                          

:KHUH1LVWKHQXPEHURIVDPSOHVRI6(0*VLJQDOVLQRQHZLQGRZDQG[NLVWKH6(0*VLJQDO
2.3. Identification of forearm kinematics 
)RUHDUP NLQHPDWLFV DUH HVWLPDWHG XVLQJ WZR GLIIHUHQW QHXUDO QHWZRUN PRGHO  0XOWL /D\HUHG 3HUFHSWURQ
1HXUDO1HWZRUN0/311PRGHODQG5DGLDO%DVLV)XQFWLRQ1HXUDO1HWZRUN5%)11PRGHO
0/311 PRGHO LV FRQVLGHUHG DV WKH VLPSOHVW QHXUDO QHWZRUN PRGHO >@ +HUH D WKUHH OD\HUHG IHHGIRUZDUG
SHUFHSWURQPRGHOLVSURSRVHGIRUWKHLGHQWLILFDWLRQRIIRUHDUPNLQHPDWLFV7KHILUVWOD\HULVWKHLQSXWOD\HUVHFRQGLV
WKHKLGGHQOD\HUDQGWKHWKLUGOD\HULVWKHRXWSXWOD\HU+HUHWKHQXPEHURIQHXURQVLQWKHLQSXWDQGRXWSXWOD\HULV
WZR VLQFH WKHPRGHO LVXVLQJ WZR LQSXWV ,(0*DQG=& IRU WKH LGHQWLILFDWLRQRI WZRNLQHPDWLFRXWSXWV DQJXODU
GLVSODFHPHQWDQGDQJXODUYHORFLW\7KHQXPEHURIQHXURQLQWKHKLGGHQOD\HULVDUELWUDULO\VHOHFWHGDV6WHHSHVW
GHVFHQWEDFNSURSDJDWLRQDOJRULWKPLVXVHGIRUWUDLQLQJWKHPRGHO





















WLPHV IRU WKUHH GLIIHUHQW VSHHG VORZ DYHUDJH DQJXODU YHORFLW\  GHJUHHVVHF PHGLXP DYHUDJH DQJXODU
YHORFLW\ GHJUHHVVHF DQG IDVW DYHUDJH DQJXODUYHORFLW\ GHJUHHVVHF7KHREWDLQHGGDWD VHWV DUHGLYLGHG
LQWRWUDLQLQJDQGYDOLGDWLRQGDWDVRWKDWHDFKVHWFRQWDLQVILYHVHWVRIIOH[LRQDQGH[WHQVLRQGDWDDW WKUHHGLIIHUHQW
VSHHGV 7KH DFWXDO YDOXH RI DQJXODU GLVSODFHPHQW DQG DQJXODU YHORFLW\ LV DOVR UHFRUGHG XVLQJ DQ DQDORJ
DFFHOHURPHWHU DQG VXSSRUWLQJ /DE9,(: VRIWZDUH 7KH REWDLQHG 6(0* GDWD LV VHJPHQWHG LQWR  PLOOLVHFRQG
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ZLQGRZDQGWZRWLPHGRPDLQSDUDPHWHUV,(0*DQG=&DUHFDOFXODWHGIURPHDFKZLQGRZ/LNHZLVHWKHNLQHPDWLFV
GDWD DUH DOVR VHJPHQWHG LQWR PLOOLVHFRQGZLQGRZ DQG WKH YDOXHV DUH DYHUDJHG WR REWDLQ RQH VHW RI DQJXODU
GLVSODFHPHQW DQG DQJXODU YHORFLW\ GDWD IRU HYHU\ PLOOLVHFRQG 7KH JUDSK VKRZLQJ WKH UHODWLRQVKLS EHWZHHQ
DQJXODUGLVSODFHPHQWDQJXODUYHORFLW\DQG,(0*IRUWKUHHGLIIHUHQWVXEMHFWVDUHVKRZQLQ)LJ$OVRWKHJUDSK
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7KHREWDLQHGYDOXHRI,(0*DQG=&RI WUDLQLQJGDWDVHWVDUHJLYHQDV WKH LQSXWV WR WKH0/311DQG5%)11
PRGHODQGWKHFRUUHVSRQGLQJDFWXDOYDOXHVRIDQJXODUGLVSODFHPHQWDQGDQJXODUYHORFLW\DUHJLYHQDVWKHRXWSXWVWR
WKHPRGHOIRUWKHSXUSRVHRIWUDLQLQJWKHPRGHO7KHPRGHOLVYDOLGDWHGRIIOLQHXVLQJWKHYDOLGDWLRQGDWD7KHJUDSK




YDOXHEHWZHHQHVWLPDWHGDQGDFWXDOYDOXHRI DQJXODUGLVSODFHPHQW DQGDQJXODUYHORFLW\ IRU WZRGLIIHUHQWPRGHOV
7KHSURSRVHGPRGHOLVDOVRFKHFNHGLQUHDOWLPHZLWKWKHKHOSRI1DWLRQDO,QVWUXPHQWVVRIWPRWLRQWRRONLW+HUHWKH
DQJXODUYHORFLW\DQGDQJXODUGLVSODFHPHQWDUH LGHQWLILHGLQUHDO WLPHXVLQJWKHSURSRVHGPRGHOVDQGWKHREWDLQHG
RXWSXWVDUHJLYHQDV LQSXWV WR WKH WZRGLPHQVLRQDO URERWLFDUPFRGHGXVLQJ/DE9,(:VRIWPRWLRQ WRRONLW)LJ
VKRZVWKHVQDSVKRWVRIRQOLQHH[SHULPHQWDOUHVXOWVXVLQJWZRGLPHQVLRQDOURERWLFDUP7KHUHVXOWVFOHDUO\LQGLFDWH
WKDW WKHSURSRVHGPHWKRG LVJLYLQJD VLPLODU VWDWLVWLFDO UHVXOWGXULQJHVWLPDWLRQDQJXODUGLVSODFHPHQW LQ UHDO WLPH










































































DUH IHG DV LQSXWV WR WZR GLIIHUHQW QHXUDO QHWZRUN PRGHO 0/311 PRGHO DQG 5%)11 PRGHO DQG GHFRGHG WKH
NLQHPDWLFV RI IRUHDUP 7KH UHVXOWV REWDLQHG XVLQJ 0/311 PRGHO DQG 5%)11 PRGHOV DUH FRPSDUHG XVLQJ
VWDWLVWLFDO SDUDPHWHU UHJUHVVLRQ FRHIILFLHQW YDOXH 5HVXOWV LQGLFDWH WKDW ERWK WKH QHXUDO QHWZRUN PRGHO FDQ EH
XWLOL]HG IRU WKH LGHQWLILFDWLRQRIKXPDQIRUHDUPNLQHPDWLFV$OVR LW LVFOHDU IURPWKHH[SHULPHQWDO UHVXOWV WKDW WKH
LGHQWLILFDWLRQDFFXUDF\LVEHWWHUZLWK5%)11PRGHOZKHQFRPSDUHGZLWK0/311PRGHO8VLQJ5%)11PRGHODQ
DYHUDJH UHJUHVVLRQ FRHIILFLHQW YDOXH RI  DQG  DUH REWDLQHG IRU WKH LGHQWLILFDWLRQ RI DQJXODU
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